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1. Context and scope of the paper

The liberalization of the European gas industry is leading fundamental changes in the way natural gas is commercialized and traded on the Continent. This is especially true for wholesale markets. Short-term spot markets, located at gas hubs, emerge throughout the European grid. Those develop quite slowly – short-term deals still represent a small fraction of physical deliveries. This does not challenge the existence of long-term contracts as the main instrument setting bilateral relationships between international and state-owned oil and gas companies, and importers/shippers.

Thus, long-term contracts and spot markets might interact in many ways; we focus on flexibility issues. Contracts include pricing flexibility provisions at various time scales, from annual to daily. Those helped providing flexibility to buyers facing seasonal and erratic variations of demand by final customers (IEA, 2002). The development of spot deals suggests that markets could be used as a tool to provide flexibility. In particular, flexibility provisions associated to the Daily Contract Quantities and day-ahead spot markets naturally compete for providing flexibility. We can expect that such contractual provisions affect economic agents’ behaviors and consequently the process of spot price setting.

In this paper, we propose to use an agent-based simulation model to study the effect of contractual flexibility on spot prices setting. Under standard market designs (e.g. uniform auctions), it is the sum of agents’ individual choices (bids submissions), as offer and demand curves, which makes market prices. Understanding the structure of the demand market behavior, instead of particular agents’ strategic behaviors, is thus an important step in the analysis of spot market pricing. We consider the problem from the rarely examined buyer’s perspective, as we aim at describing the effect of flexibility on aggregated buyers demand, from a normative understanding perspective. We examine this question in a context close to continental Europe: concentrated selling and buying sides of the wholesale market.

2. Methodology

The proposed agent-based simulation model comprises m symmetrical gas shippers, who have to satisfy the inelastic but erratic daily net of storage demand by final customers. Those shippers have two ways of buying gas:

· long-term contracts, described by a base price and minimal-maximal bounds for daily offtake gas. The flexibility provision is designed to cover a fraction of the variable final demand;

· a day-ahead spot market, on which shippers and producers meet on a daily basis to source for the residual demand.

There are n symmetrical producing firms with heterogeneous shares of the industry installed capacity, constant marginal costs of production and shares of the ongoing contracts. They are obliged to deliver gas required by shippers within the limits of contractual designs, and then repeatedly compete in price on the spot market.

Strategic choices by shippers and producers are as follows. Shippers choose how much of the daily final demand they want to source under contractual arrangements. The residue (if any) will be bought on the spot market. Then, they choose a price at which they are willing to buy these quantities. This defines the (price, quantity) demand bid submitted by shippers on the spot market. After satisfying the contractual nominations of their counterparts, producers eventually have available capacity to offer on the spot market. They choose how much of it they are willing to propose, and at which price. This makes the (price, quantity) offer bids of producers. Bids are collected a market aggregator who computes the demand and offer curves by merit order. The uniform market clearing procedure of this double auction then returns each agent with the market price and bought/sold volumes.

We search for stationary equilibria on the market through an iterative process of submitting bids on the spot market. Agents are assumed to be Roth-Erev reinforcement learners (Erev and Roth, 1998). Reward functions of players are daily profits accumulated by selling/buying gas under contract and on the spot market, and reselling on the final market. We run a large number of independent experiments, for each contract design. Equilibrium data on spot market demand (ie, a set of points on the aggregate demand curve) are collected for analysis. Such data would not be available in practice; the ability of agent-based models to generate micro-pseudo-data and conduct controlled experiments are interesting from an exploratory and normative perspective.

3. Preliminary results: data analysis for demand points

In a first step, we examine the data points obtained by running experiments for increasingly flexible contractual designs. We estimated in each case (P,Q) joint probability distributions as 2-populations bidimensional Gaussian mixtures.
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Figure 1: Probability distributions of demand points for rigid and flexible contracts
We observe that most data points are located in the upper side of the demand. This is concordant with a behavior of risk-averse buyers
 willing to bid quantities at relatively high prices to secure supplies.

Moreover, the two populations of data points appear to spread in different directions: the demand is globally concave and exhibits kinks. As long as prices are sufficiently low, the spot market remains competitive with respect to contractual flexibility. Above a certain spot price threshold, buyers become much more sensitive to market prices, and prefer to turn to flexibility rather than buying expensive spot gas.

At last, a comparison between contractual designs seems to indicate that the higher the flexibility is, (i) the lower the spot demand level and (ii) elasticity will be. The first effect emerges from strategies of buyers reporting gas demands from the spot market to contract flexibility, as it covers an increasing fraction of the final variable demand. The second effect, if counterintuitive, corroborates works on contracting and spot buying decisions of buyers under uncertainty and risk aversion (Hubbard and Weiner, 1992).

4. Conclusions

This preliminary analysis confirms the intuition that under various contractual designs, the aggregate behavior of wholesale market buyers evolves. It concerns both the absolute level of demand, and the apparent price sensitivity of buyers.

A deeper understanding of these effects would require a robust estimation of observable price elasticities of demand.
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� Some reinforcement learning rules are known to be endogenously risk-averse: see Oyarzun and Sarin (2007) for analytical proof and for example Burgos (2002) for experimental evidence.





